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Abstract
· AIM: To evaluate the possible effects of
phacoemulsification cataract surgery on ocular
hemodynamics.
· METHODS: Inthisprospectivestudy, intraocular
pressure(IOP),pulsatileocularbloodflow(POBF),and
ocularpulseamplitude (OPA)weremeasuredpre-
operatively (baseline)andat1weekand3weeks
postoperationin52eyesof26patients(meanage63.15依
10.25years)scheduledforunilateralphacoemulsification
cataractsurgerywithintraocularlensimplantation.Inall
oftheeyes,abloodflowanalyzer (ParadigmDICON;
ParadigmMedicalIndustriesInc.;USA)wasusedto
obtainmeasurementsofIOP,POBF,andOPA.Thedata
obtainedfromoperatedeyeswerecomparedstatistically
tountreatedfellowphakiceyesofthepatients.
·RESULTS:Foroperatedeyes,themeanbaselineIOP,
POBF,andOPAvalueswere15.9依4.64mmHg,17.41依4.84滋L/s,
and2.91 依1.12mmHg,respectively.TheIOP,POBF,and
OPAvalueswere17.19依4.34mmHg,17.56依6.46滋L/s,and
3.12依1.1mmHg,respectively,inthenonoperatedcontrol
eyes.Statisticallysignificantdifferencesfrombaseline
measurementswerenotobserved1weekand3weeks
postoperationfortheoperatedornonoperatedeyes.
Therewerealsonostatisticallysignificantdifferencesin
any measurements between the operated and
nonoperatedeyesinalltheexaminationperiods( >0.05
forall).
· CONCLUSION: Uncomplicated phacoemulsification
surgery does not affect ocular hemodynamics in
normotensiveeyeswithcataracts.
· KEYWORDS: cataract;cataractextraction;intraocular
pressure;phacoemulsification;regionalbloodflow
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INTRODUCTION
I
ntraocularpressure(IOP)andocularvolumechanges
occurdependingonthebloodflowvariationsrelatedto
thestageofthecardiaccycle.Basedonthisinformation,
toolshavebeendevelopedtocalculatethepulsatileocular
bloodflow (POBF)byderivingdatafromcontinuously
monitoredIOPvalues
[1,2].ThePOBFisthoughttobecaused
bythebloodvolumepumpedintotheeyeprimarilyinthe
choriocapillarylayerduringeachcardiaccycle.Therefore,
thePOBFmayonlybeaffectedbyIOPchangesduetolow
choroidalvascularautoregulation
[3-5].
POBFisresponsibleforthepathogenesisofmanydiseasesin
theeyes.AvarietyofrecentstudiesevaluatedPOBFchanges
inseveraldiseasessuchasglaucoma,age-relatedmacular
degeneration,diabeticretinopathy,andGraves
ophthalmopathy
[3,6-11].Furthermore,inastudyperformedby
Hopkins
[12],thePOBFvaluesincaseswithcataractswere
decreasedcomparedwithhealthycases.
Inrecentyears,thesuccessratioincataractsurgeryhas
significantlyincreasedasaresultofadvancesinsurgical
methodsandequipment
[13-16].Theeffectsofcataractsurgery
onocularhemodynamicswereanalyzedinseveralprevious
studies.However,thesestudiesreportedconflictingresults.
WhetherocularhemodynamicschangesarecausedbyIOP
changesorchangesinexistingautoregulationmechanismsin
caseswithcataractshasnotbeendetermined
[5,12,17,18].
Moreover,POBFvaluescanbeaffectedbydemographic
factorssuchasage,gender,IOP,cornealthickness,and
refractionerror
[19-22].Therefore,thisstudywasdesignedto
prospectivelyevaluateocularhemodynamicsinpatientswith
cataractstoelucidatetheeffectsofphacoemulsification
surgeryonocularhemodynamicsratherthancomparing
measurementsfrom differentindividualssubjected to
phacoemulsificationsurgery.
SUBJECTSANDMETHODS
Subjects Thisprospectiveclinicalstudywasperformedat
theKaradenizTechnicalUniversity,SchoolofMedicine,
Trabzon,Turkey.TheconsentoftheMedicalEthical
Committeewasobtainedforthestudyprotocol.Allpatients
537providedwritteninformedconsenttoparticipate.Thetenets
oftheDeclarationofHelsinkiwerefollowed.
Allthepatientsincludedinthestudyprovidedwritten
consentafterbeinginformedaboutthestudyplan.The
patientsincludedinthestudyhadnoophthalmological
diseasesbesidesuncomplicatedcataractsofGradeII-III
basedontheEmeryClassification
[23].Thefollowingexclusion
criteriawereusedinthestudy;high-degreemyopia( 逸 6.00
diopters),asingleeye,ocularhypertension,glaucoma,
pseudoexfoliation,uveitis,andahistoryofprevioussurgery
foreithereye.Thecasesinwhichcomplicationsoccurred
duringphacoemulsificationsurgery,andthecasesinwhich
corticalmaterialorocularviscoelasticdevicesusedinthe
operationcouldnotbecompletelycleanedwereexcluded
fromthestudy.
Thestudyincluded52eyesbelongingto26patients.Allthe
patientsunderwentadetailedophthalmologicexamination
beforesurgery.Afoldableposteriorchamberlenswas
implantedintoasingleeyeofallthepatientsbyapplying
phacoemulsificationsurgerywitha3.25mmsuperiorclear
cornealincisionusingthesamemethod.
Methods
Ocularbloodflowmeasurements Duringthestudy,ocular
bloodflowmeasurementswereperformedthreetimesineach
ofbotheyesofthepatients.Thefirstmeasurementwas
performedonedaybeforethecataractsurgery(baseline),the
secondmeasurementwasperformedoneweekafterthe
cataractsurgery,andthethirdmeasurementwasperformed
threeweeksafterthecataractsurgery.Themeasurements
wereperformedinallthepatientsinasittingposition
becausetheocularbloodflowisaffectedbythebodyposture
[24].
Localanesthesiawasadministeredintotheeyesinwhichthe
measurementswereperformedusingonedropof0.5%
proparacaine(Alcaine;AlconLaboratoriesInc.,FortWorth,
TX,USA)intotheconjunctivalsac.Thebloodflow
measurementswereperformedfiveminutesafterlocal
anesthesiawasadministeredusingabloodflowanalyzer.The
samedevice(ParadigmDICONBloodFlowAnalyzer;
ParadigmMedicalIndustriesInc.;SaltLakeCity,Utah;
USA)wasusedinthebloodflowandIOPmeasurementsof
alltheeyes.Allthemeasurementswereperformedbythe
sameinvestigatorusingdisposableprobescontactingthe
centralcornea.Five sequentialocularbloodflow
measurementsperformedwithinapproximately20swere
recordedbythedevice,anddetaileddeviceprintoutswere
recorded.Themeanintraocularpressure (IOP;mmHg),
pulsatileocularbloodflow (POBF; 滋L/s),andocularpulse
amplitude(OPA;mmHg)valuesforeachmeasurementwere
recorded.
Statistical Analysis Themeasurementdataofthe
operatedeyes(Group1)andthenonoperatedcontroleyes
(Group2)ofthepatientsarepresentedasmean依standard
deviation.Repeatedmeasuresofvarianceanalysiswereused
tocomparetherepeatedmeasurementswithinthegroup,and
independent-sample -testswereusedtocomparethe
measurementsbetweenthegroups.Therelationshipbetween
themeasurementswasanalyzedusingPearsoncorrelation
analysis. <0.05wasassumedtobestatisticallysignificant.
RESULTS
Themeanageofthepatients(12female,14male)included
inthestudywas63.15依10.25years.Inbaselineexamination,
therewerenoclinicalsignsofshallowanteriorchamberand
narrowangleinbothoperatedandcontroleyes.Theyhad
deepanteriorchambersandwideangles.Forgroup1,the
meanbaselineIOP,POBF,andOPAvalueswere15.9 依
4.64mmHg,17.41依4.84滋L/s,and2.91依1.12mmHg,respectively.
ThemeanbaselineIOP,POBF,andOPAvalueswere17.19依
4.34mmHg,17.56依6.46滋L/s,and3.12依1.1mmHg,respectively,
forgroup2(control).Nostatisticallysignificantvariationwas
foundwithinanygroup compared withthe baseline
measurements(>0.05forall)inthe postoperative
measurementsrepeatedatweekoneandweekthree.No
groupsshowedanysignificantdifferencesbetweenthe
measurementsperformedpostoperativelyonweekoneand
weekthree(>0.05forall).Therewerealsonostatistically
significantdifferencesinanyofthemeasurementsbetween
thegroupsfortheentirestudyperiod ( >0.05forall)
(Figure1,Tables1,2).
Correlationanalysesofthemeasurementparametersare
presentedinTable3.IOPandPOBFvaluesofgroup1had
significantpositivecorrelationforpreoperativeandpost
operativefirstweekonly,whilethiscorrelationwas
significantforonlypostoperativefirstweekingroup2.The
correlationbetweenPOBFandOPAwassignificantonlyfor
preoperativeperiodandpostoperative3
rd weekforthegroup
1,whilethiscorrelationsweresignificantforall
measurementpointsforthegroup2.Whentheentirestudy
group(=52)wasconsidered,astatisticallysignificant
correlationwasobservedbetweenIOPandPOBFforallthe
measurementperiods(forthepreoperativeperiod: =-0.37,
=0.007;forweek1postoperation: =-0.564, <0.0001;
andforweek3postoperation: =-0.348, =0.012.Statistically
significantpositivecorrelationswereobservedbetweenthe
groupsforPOBFandOPAforallthemeasurementperiods
(forthepreoperativeperiod: =0.573, <0.0001;forweek1
postoperation: =0.285, <0.04;and forweek3
postoperation: =0.525, <0.0001.Therelationshipbetween
IOPandOPAwasnotstatisticallysignificantforallthestudy
periods.
DISCUSSION
TheIOP-loweringeffectofcataractsurgeryhasbeen
reportedintheliterature
[25-27].Theeffectisbelievedtoresult
Ocularbloodflowafterphacoemulsification
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Figure1Comparisonofmeasurementresultsobtainedatvarioustimesineyesundergoingphacoemulsificationsurgery (group1)
andineyeswithoutundergoingphacoemulsificationsurgery(group2) A:IOP;B:POBF;C:OPA.
fromthewideningoftheanteriorchamber
[28,29].Inastudy
performedbyBhallil
[30],themeanIOPdecreasedby
2.1mmHgatday15and2.26mmHgatmonth1postoperation
afteraphacoemulsificationsurgerycomparedwiththe
preoperativeperiod.AlthoughthepostoperativemeanIOP
changeinourstudywasnotstatisticallysignificant,the
changewas-1.15mmHgatday7and0.65mmHgatweek3.
Theanteriorchamberbiometricfactorspossiblycontributed
totheIOPdecreaseafterphacoemulsification
[31].Therefore,
thelackofasignificantIOPdecreaseinourcasesmaybe
duetothediversityofthegroupproperties.Alleyesincluded
ourstudyhaddeepanteriorchambersandwideangles.Ina
studybyRainer
[18],nosignificantchangewasobserved
intheIOPlevelsinthefirstone-monthperiodaftercataract
surgery.
Severalstudieshavefocusedonalterationintheocular
hemodynamicsaftercataractsurgery.InastudybyHopkins
[12],
thePOBFvaluesofpseudophakiceyesthatunderwent
cataractsurgerywerelowercomparedwiththehealthy
controlgroup.AstudybyHilton
[5] comparedthePOBF
examinationsof25cataractpatientswiththePOBF
examinationsof25controlcasesfromthesameagegroup.
ThePOBFvaluesofthecasesinthecataractgroupwere
significantlylowerbothpreoperativelyandpostoperativelyat
thefirstmonthcomparedwiththePOBFvaluesofthecontrol
group.TheIOPvaluesdecreasedandthePOBFvalues
increasedby8.3%aftercataractsurgeryinthesamestudy.In
Table 1  Comparison of the measurement results obtained at 
various times with the blood flow analyzer device in eyes 
undergoing phacoemulsification surgery (group 1) and in eyes 
without undergoing phacoemulsification surgery (group 2) 
Time  Group 
IOP 
(mmHg) 
POBF 
(µL/s) 
OPA 
(mmHg) 
1  15.9±4.64  17.41±4.84  2.91±1.12 
2  17.19±4.34  17.56±6.46  3.12±1.1  Preop. 
1P  0.753  0.278  0.511 
1  14.75±4.55  19.2±6.03  2.99±0.94 
2  16.42±2.96  17.21±4.8  3.28±0.76 
Postop. 
1 week 
1P  0.125  0.194  0.223 
1  16.55±4.62  16.93±4.82  2.95±0.99 
2  16.66±3.05  15.4±4.4  2.99±0.86 
Postop. 
3 weeks 
1P  0.916  0.236  0.882 
IOP: Intraocular pressure; POBF: Pulsatile ocular blood flow; OPA: 
Ocular pulse amplitude; 
1Independent samples t-test. 
Table 2  Comparison of the repeated measurement results 
obtained with the blood flow analyzer device in eyes undergoing 
phacoemulsification surgery (group 1) and in eyes without 
undergoing phacoemulsification surgery (group 2) 
Group  Time  IOP 
(mmHg) 
POBF 
(µL/s) 
OPA 
(mmHg) 
Preop.  15.9±4.64  17.41±4.84  2.91±1.12 
Postop. 
1 week  14.75±4.55  19.2±6.03  2.99±0.94 
Postop. 
3 weeks  16.55±4.62  16.93±4.82  2.95±0.99 
1 
1P  0.17  0.26  0.936 
Preop.  17.19±4.34  17.56±6.46  3.12±1.1 
Postop. 
1 week  16.42±2.96  17.21±4.8  3.28±0.76 
Postop. 
3 weeks  16.66±3.05  15.4±4.4  2.99±0.86 
2 
1P  0.33  0.164  0.206 
IOP: Intraocular pressure; POBF: Pulsatile ocular blood flow; OPA: 
Ocular pulse amplitude; 
1 Repeated measures of variance analysis. 
 
Table 3  Correlation analyses of the measurement results obtained 
at various time periods with the blood flow analyzer device in eyes 
undergoing phacoemulsification surgery (group 1) and in eyes 
without undergoing phacoemulsification surgery (group 2) 
POBF  OPA 
Time  Group   
r 
1P  r 
1P 
IOP  -0.455  0.019  0.105  0.608 
1 
POBF  1  0.508  0.008 
IOP  -0.324  0.106  -0.077  0.708 
Preop. 
2 
POBF  1  0.635  <0.0001 
IOP  -0.554  0.003  0.072  0.727 
1 
POBF  1  0.284  0.159 
IOP  -0.539  0.004  0.158  0.44 
Postop. 
1 week 
2 
POBF  1  0.394  0.047 
IOP  -0.349  0.08  0.308  0.126 
1 
POBF  1  0.528  0.006 
IOP  -0.363  0.068  0.071  0.73 
Postop. 
3 weeks 
2 
POBF  1  0.547  0.004 
1 Pearson correlation analysis. 
 
539ourstudy,52eyesof26patientswereincluded,andtheother
eyesofthesamepatientswerechosenasthecontrolgroup.
Thus,personaldifferencesthatmay affectthePOBF
measurementswerereduced.Inourstudy,nosignificant
differencewasfoundbetweentheeyesundergoingcataract
operationsandphakiceyesregardingthePOBFandIOP
valuesbothpreoperativelyandpostoperatively.POBFvalues
canbeaffectedbypersonalfactorssuchasgender,age,
cornealthickness,IOP, refractiveerrorsandsystemic
hypertension
[19-22,32-34].Theresultsofourstudylikelydiffer
fromtheresultsofHilton
[5]becauseweusedunoperated
eyesfromthesamepatientascontrolsratherthanhealthy
individualsfromasimilaragegroup.Wealsofoundthatthe
IOPdecreased,andthePOBFincreased
[5,35,36].Astatistically
significantnegativecorrelationwasdeterminedbetweenthe
IOPandPOBFlevelsinourstudy.
InastudyperformedbySpraul
[17],thePOBFchangesin
51patientsthatunderwentcataractsurgerywerecompared
withthehealthyeyesofthesamecases,whichissimilarto
ourstudydesign.However,thePOBFvaluesmeasured
postoperatively onday3decreasedintheeyesthat
underwentcataractsurgery,whiletherewasnosignificant
changeinthecontrolgroup.Thestudyreportedthatno
significantchangeintheIOPoccurredbothinthesurgery
groupandthecontrolgroupatday3.ThePOBFdecreaseat
day3intheeyesthatunderwentcataractsurgerydisappeared
attheendofthefirstyear.Itwassuggestedthattemporary
hemodynamicsdisordersmayhavedevelopedduetoaneural
mechanisminducedbythecataractsurgery
[17].Inourstudy,
weperformedmeasurementsoneweekafterthesurgeryto
preventpossiblePOBFmeasurementdistortionarisingfrom
cornealthicknessandbiomechanicalchangessecondaryto
cataractsurgery.Becausepreviousstudiesreportedthat
improvementof biomechanicalchangessecondaryto
phacoemulsificationsurgerybypost-operativefirstweek
[37,38].
Inanotherstudyperformedusingthelaserinterferometric
method,Rainer
[18] examinedtheeffectofthesurgical
treatmentonthepulsatilechoroidalbloodflowin33cataract
cases.Similartoourstudy,theaforementionedstudyalso
reportedthatnosignificantchangeoccurredintheocular
bloodflowaccordingtothepostoperativefirst-weekand
first-monthmeasurements
[18].
InastudyconductedbyPlange
[39],theeffectofcataract
surgeryontheOPAwasexamined.Plange
[39] used
differentdevicestomeasuretheOPAandperformedOPA
measurementsonedaybeforeandafterthecataractsurgery.
TheyconcludedthattheOPAchangeswereassociatedwith
IOPchanges
[39].Similartothisstudy,acorrelationbetween
theOPAandIOPwasalsoobservedinastudyconductedby
Breusegem
[40] reportedthattheOPAdecreasedalong
withdecreasesoftheIOP.Inanotherstudyincluding311
cataractpatients,OPAandIOP measurements were
performedoneweekbeforeandtwoweekaftercataract
surgery,andapositivecorrelationbetweentheOPAandIOP
wasobserved
[41].Incontrasttotheaforementionedstudies,we
didnotobserveanyrelationshipbetweentheOPAandIOP,
whichmaybeduetothesmallnumberofstudycases,
individualfactorsinourcases,ortheuseofadifferent
device.Anotherimportantfactormaybethelackofa
differencebetweentheIOPmeasurementsinallthestudy
periodsinourstudy.
Themainresultofourstudyisthattheeffectof
phacoemulsificationsurgeryonocularhemodynamicsinthe
firstthree-weekperiodwasnotsignificantinnormotensive
eyeswithcataracts.BecausePOBFisrepresentativeof
choroidalbloodflow,ourresultssuggestthatchoroidal
circulationwasnotaffectedbytheuncomplicated
phacoemulsificationsurgery.
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